Objective. To evaluate the internal reliability, factor structure and construct validity of the Pharmacy Safety Climate Questionnaire (PSCQ) when applied to a pan-European sample of community pharmacies.
Introduction
Knowledge transfer from high-reliability organizations to the healthcare sector has led to the latter taking an increasing interest in the notion of ''safety culture'' and ''safety climate'' [1] . Safety culture can be defined in simple terms as the set of values and beliefs that a given organization holds with regard to safety; these beliefs manifest themselves as a safety climate, which is a corresponding set of attitudes and behavioural norms as perceived by people who work in the organization [2, 3] . The importance of safety culture and climate is that it provides a basis for understanding why staff within a given work setting behave in a safe or unsafe manner. The data from these assessments can be put to a variety of uses, for example, diagnosis and awareness raising, evaluation, benchmarking and audit [4] . There are a number of ways in which this can be assessed; typically, cross-sectional surveys of climate (as the more tangible of the two) are employed [5] .
However, the divergence of views about the specific nature of safety climate [3, 6] is reflected in the assortment of assessment instruments in healthcare, all varying in their scope, ease of use and measurement properties [7] .
The Manchester Patient Safety Assessment Framework (MaPSAF) [8] provides an assessment approach that has a sound theoretical rationale as well as practical utility. This framework, which was developed through literature review and qualitative data from healthcare practitioners, forms the basis of a safety culture assessment that has been adapted for a number of healthcare domains, one of which is community pharmacy [9] . The Pharmacy Safety Climate Questionnaire (PSCQ) [5] comprises 34 items, which correspond to seven ''dimensions'' of safety culture: investigating and learning; staffing and management; incident causation and reporting; team working; communication; commitment to patient safety; education and training. These dimensions were derived from a pilot study of the questionnaire [5] . However, the data for this study were drawn from a limited sample, namely attendees at a postgraduate training event in Great Britain. While the dimensions identified are applicable to this sample, it is not clear whether they can be generalized across a broader range of community pharmacies. The aim of the current study was to examine the structure and psychometric properties (reliability and validity) of the PSCQ items when applied to a general sample of pharmacy staff across five European countries.
Method Study design and sampling
This study used a cross-sectional survey design. The study population was community pharmacy staff in five European countries: Denmark, Germany, the Netherlands, Portugal and Great Britain. The sampling frame for each country is provided in the footnote to Table 1 .
Materials
The PSCQ is a self-rated questionnaire that comprises a series of statements about the pharmacy's collective attitudes and behaviours regarding patient safety. The respondent rates his or her level of agreement with each statement on a fivepoint Likert scale that ranges from ''strongly disagree'' to ''strongly agree''. This study used the original 34-item version of PSCQ developed by Ashcroft and Parker [5] . For administration to the sampling frames outside of Britain, the PSCQ was translated into the respective languages. In order to do so, researchers with knowledge of English and the target language translated the PSCQ into the latter. Other researchers then independently translated the alternative language versions back into English, and these back-translations compared against the original English version. Any discrepancies that had occurred during translation (e.g. misinterpretation of colloquialisms) were resolved by consultation with the translators.
Procedure
Participants within each sampling frame were contacted by the researchers and invited to complete the PSCQ. On completion, the PSCQ was returned directly to the researchers based at the local study site. While Great Britain used a postal version of the PSCQ, the other countries used online administration via the Internet. Participants in Denmark had the option of either paper or online administration. 
Results

Preliminary analysis
Data from completed questionnaires were entered into version 15 of the SPSS program for analysis. Data entry took place at each study site, with the files from each site then being combined into a master file at the British study site for analysis. Demographic data for the sample are shown in Table 1 . Of 155,990 data points, 2927 (1.8%) were missing; this is a sufficiently small proportion to allow multivariate analyses to be carried out [10] . The seven-factor structure suggested by Ashcroft and Parker [5] was applied to the entire dataset using confirmatory factor analysis. This analysis was performed using version 16 of the AMOS program. In order to preserve cases in the sample, missing data were substituted using expectation maximization [11] . The model was fit to covariance matrices (which are available on request from the first author) and the maximum likelihood procedure was used to estimate model parameters. Model fit was assessed using the chi-square test, Tucker-Lewis index (TLI), comparative fit index (CFI) and root mean-squared error of approximation (RMSEA). Hu and Bentler [12] suggest that TLI and CFI values close to or exceeding 0.95, and RMSEA values less that 0.06, are indicative of a good fit. Using these criteria, the fit between the model and the data was questionable [x 2 (511) ¼ 9880.518, P , 0.001; TLI ¼ 0.83; CFI ¼ 0.85; RMSEA ¼ 0.07], suggesting that the seven-factor structure may not generalize very well beyond the sample from which it was originally derived.
What factors are present in the questionnaire responses?
In order to identify a new factor structure, the dataset was divided into two groups, with each participant assigned to one of the groups at random. The data from Group 1 (N ¼ 2055) were subjected to an exploratory factor analysis using SPSS. The extraction method was alpha factoring with listwise deletion of missing data. Three factors were obtained with eigenvalues greater than one; an additional fourth factor was extracted with an eigenvalue of 0.94. These four factors accounted for 58.3% of the variance in the item responses. Bartlett's test of sphericity and the Kaiser2Meyer2Olkin measure of sampling adequacy were within acceptable limits [Bartlett x 2 (276) ¼ 21814.34, P , 0.001; Kaiser2 Meyer2Olkin ¼ 0.969], indicating that the correlation matrix was suitable for analysis.
Oblique rotation of the factors was performed using the oblimin and promax routines. The latter produced the item loadings shown in Table 2 . These loadings suggest an interpretation of the factors as follows. The first factor contains items that reflect organizational learning; that is, the pharmacy's willingness to proactively develop and maintain a safe working environment (Cronbach's alpha reliability ¼ 0.92). The second factor alludes to the pharmacy's propensity to allocate blame to individuals when a problem or incident occurs (alpha ¼ 0.85). The third factor addresses the presence of working conditions that are conducive to safe working, for example, having sufficient personal and material resources to manage the workload [13, 14] (alpha ¼ 0.78). The fourth factor indicates the level of safety focus; in other words, the priority given to safety in the pharmacy's day-to-day work (alpha ¼ 0.69). Table 2 also indicates strong correlations between the four factors, especially between factor 1 and factors 2 and 4. This is consistent with the conceptual relationship between them. One would expect staff sensitivity about being blamed for incidents to be a barrier to organizational learning; similarly, any attempt to implement safety improvements would be undermined by a work environment that does not support safe working. Furthermore, an organization that is proactive about safety management is also likely to adopt a 'safety first' approach in its everyday practices. During the factor analysis, 10 items, shown in Table 3 , were discarded due to low loadings on all four factors, despite their initial communality values being comparable with those of the retained items. One item ('It's just luck that serious mistakes don't happen') was retained despite being just short of the 0.30 loading value suggested as a minimum by Hair et al. [15] . As the sample is larger than that assumed by Hair et al. (N ¼ 2055 as opposed to 350), it was thought to be robust to a small departure from the required loading value. Hence, the factor solution comprises 24 of the original items.
In order to test this four-factor structure, it was applied to the data from Group 2 (N ¼ 2050) using the same confirmatory factor analysis procedure as described earlier. The regression weights and covariances for this analysis are shown in Table 4 . As this table shows, the paths between the factors and their indicator variables (the items) are statistically significant, providing support for the measurement model. Also, statistically significant covariance paths are observed between the factors; these broadly mirror the correlations observed in the exploratory factor analysis, although here, the strongest covariance is between blame culture and work conditions (the more the pressure is on staff, the greater the tendency to put blame on individuals for things that go wrong). The goodness-of-fit test was statistically significant [x 2 (246) ¼ 1510.167, P , 0.001]. A significant goodness-of-fit result may be influenced by the large sample size; however, the other criteria, which are more resistant to differences in sample size, were close to their recommended cut-off values (TLI ¼ 0.94; CFI ¼ 0.95; RMSEA ¼ 0.05). When this model is fit to the entire sample, it generates an Akaike's information criterion value of 2162.02. This compares to a value of 8865.57 for the original seven-factor model, thus indicating that the new model is a comparatively better fit to the data. [16] (Akaike's information criterion was calculated using a correction for the ratio between number of parameters and sample size:
, where d is degrees of freedom, K is the number of parameters to be estimated and n is the sample size [17 -18] .) The new model will hereafter be referred to as PCSQ-4 to distinguish it from the original PSCQ. What do the factor scores indicate about safety in community pharmacy across the study locations?
In addition to the PSCQ items, respondents were asked to provide a single rating for the overall perceived safety of the pharmacy; the rating was on a five-point Likert scale from 1 ('Excellent') to 5 ('Failing'). A regression analysis was carried out with this rating as the dependent variable and the PSCQ-4 scores as predictors. A statistically significant prediction was obtained from the scores [R ¼ 0.57, adj. R 2 ¼ 0.32, F(4,3283) ¼ 384.302, P , 0.001]. The Durbin2Watson statistic for this regression model was 1.96, and the residual values were normally distributed and homoscedastic. The regression coefficients are shown in Table 5 ; these indicate that with the exception of blame culture (P ¼ 0.76), the PSCQ-4 scores all make a statistically significant contribution to the model. It should be noted from the table that blame culture has as strong a Pearson's correlation with the safety rating as do the other scores; that it does not contribute to the regression model is likely to be a result of multicollinearity between the predictors (cf. Tables 2 and 4 ). Due to a relatively high proportion of missing data (10% of responses) among the safety ratings, a second regression analysis was carried out on a dataset in which the missing responses were substituted with maximum likelihood estimates. The model generated from this dataset was similar to that generated from the original data (R ¼ 0.59, adj. R 2 ¼ 0.34, P , 0.001). 
Discussion
This study builds upon Ashcroft and Parker's [5] initial work to develop a safety climate assessment for pharmacies. While Ashcroft and Parker identified seven dimensions in their pilot data, this study found that a four-factor framework, consisting of 24 items, emerges when applied to a broader range of community pharmacy staff. The latter appears to provide a better account of the questionnaire data, and has an acceptable level of measurement reliability. Furthermore, a consistent relationship is found between scores on the factors and a rating of perceived overall safety. Therefore, it is recommended that the four-factor version of the PSCQ presented here should be used in place of the original seven-factor version. However, there remain theoretical and methodological issues, mainly around validity, to be explored through further work. The fact that the PSCQ-4 measures (organizational learning; blame culture; working conditions; and safety focus) are related to a measure of overall safety suggests that they have convergent construct validity. However, what has not been examined in this study is criterion-related validity, that is, the relationship between the PSCQ-4 measures and external markers of safety performance such as the number of complaints received or the number of medication errors reported. Such markers would be less susceptible to common method variance than was the rating of overall safety used here as a proxy criterion variable; however, they would also be potentially more difficult to measure.
As a more general point with regard to validity, one argument made in favour of the seven original dimensions was that they corresponded to MaPSAF [5, 9] . In suggesting a different measurement model, this study raises the question of how faithful this new model is to MaPSAF. A cursory examination of the four factors suggests that they remain consistent with this framework; a high score on organizational learning and safety focus is consistent with the most important features of a generative safety culture, while a high-score blame culture is consistent with the main features of a pathological safety culture. While a high score on the working conditions factor does not correspond directly to a generative safety culture, it perhaps facilitates the development of such a culture. Table 6 shows how the original seven dimensions map onto the four-factor structure. The reader will notice that only six of the dimensions are represented here; as shown in Table 3 , the items that comprised 'team working', were removed during the factor analysis due to low factor loadings.
While there still appears to be correspondence between the PSCQ-4 measures and MaPSAF, the authors suggest that empirical work is conducted to compare a pharmacy's profile of PSCQ-4 scores with its position on MaPSAF. A particular focus of such work might be on linking the PSCQ-4 measures to diagnosis and intervention on safety issues in pharmacies [19] . An alternative implication of the current findings is that MaPSAF itself could be interpreted in terms of the four dimensions; again, further empirical work would be necessary to establish whether this is the case.
Finally, the sample obtained provides a reasonably broad representation of community pharmacy staff across Western Europe, which the authors considered to be sufficient for the purposes of psychometric evaluation. However, as Table 1 shows, the samples from each country are not comparable in terms of their composition, which precludes any generalizable comparisons being made between them on the basis of PSCQ scores. While it would be interesting to conduct such an exercise, either within or between countries, it is necessary to standardize the sampling frames more than was possible here.
The current study, however, does offer an instrument that can be used to assessing a pharmacy's safety climate. The instrument is grounded in a theoretical rationale as well as having sound psychometric properties. In addition, it has been designed specifically for use in community pharmacies, and hence is possibly more attuned to that work setting than a generic instrument that was developed elsewhere [20] . The authors suggest further development work to confirm the relationship between PSCQ-4 and safety performance as well as to demonstrate how it can be used to inform safety improvements in pharmacies. 
